Background--Intravenous recombinant tissue-type plasminogen activator (rtPA) remains the only medical therapy to improve outcomes for acute ischemic stroke (AIS), but the safety of rtPA in AIS patients with a history of recent myocardial infarction (MI) remains controversial.
W hile thrombolysis therapy with intravenous recombinant tissue-type plasminogen activator (rtPA) remains the only medical therapy to improve outcomes in patients with acute ischemic stroke (AIS), use of rtPA in AIS patients with recent myocardial infarction (MI) is controversial. 1 In the 2013 American Heart Association (AHA)/American Stroke Association (ASA) guideline, recent MI within 3 months was listed as a relative exclusion criterion, whereas, in the 2018 AHA/ASA guideline and scientific statement, it is considered reasonable or maybe reasonable with Class IIa or IIb recommendations according to the type and location of MI. [2] [3] [4] However, these recommendations are based on consensus of expert opinion (Level of Evidence C). As of today, only a few case reports 5, 6 or case series 7 have been reported in the literature. Furthermore, it also remains unclear whether a shorter or longer timeframe than 3 months is safe to give rtPA for AIS patients with a history of MI.
To address this knowledge gap, we evaluated characteristics and clinical outcomes in patients treated with rtPA for AIS who had a recent MI compared with those with no history of MI to determine whether the presence of recent MI alters the risk of mortality and rtPA-related complication in AIS patients treated with rtPA, and to assess whether the safety profiles of rtPA are different according to the type and location of the recent MI and the timeframe between MI and the indexed AIS event.
Methods
While data sharing agreements prohibit the AHA from making the data set publicly available, researchers may submit proposals for statistical analysis of the confidential data by the Duke Clinical Research Institute, with approval from the AHA. Details of the application process are available at http:// www.heart.org/en/professional/quality-improveme nt/quality-research-and-publications/national-level-programdata-research-opportunities.
Data Source
This is a retrospective cohort study using the AHA/ASA GWTG-Stroke (Get With The Guidelines-Stroke) registry, which is an ongoing, voluntary, continuous registry sponsored by the AHA/ASA. Details of GWTG-Stroke registry data collection and variable definitions have been described before. 8 Standardized data collection includes patient demographics, medical history, diagnostic testing, brain imaging, in-hospital treatment, and outcomes. The validity and reliability of data collection in GWTG-Stroke have been reported in previous research. 9 The in-hospital data from the GWTG-Stroke registry were linked to the Centers for Medicare & Medicaid Services (CMS) claims data to identify recent MI before stroke. Because GWTG-Stroke is an in-patient registry, we link the GWTG-Stroke to CMS claims among Medicare fee-for-services patients aged ≥65 years and determine the timing of the previous MI event. The linked clinical and claims data set (GWTG-Stroke/CMS) was created by matching on a series of indirect identifiers, including admission date, discharge date, patient age or date of birth, and sex. 10 Prior work has shown that patients in the linked GWTG-Stroke/CMS database are representative of the national Medicare AIS population. 11 The Duke Clinical Research Institute (Durham, NC) serves as the data analysis center and has an agreement to analyze the aggregate de-identified data for research purposes. Each participating hospital received either human research approval to enroll patients without individual patient consent under the Common Rule or a waiver of authorization and exemption from subsequent review by their institutional review board. This study was approved by the institutional review board of Duke University.
Study Population
All patients with a diagnosis of AIS treated with rtPA were identified in GWTG-Stroke/CMS linked data set between February 2009 and December 2015. After excluding (1) patients not treated with rtPA, (2) patients whose onset to treatment time was missing, inaccurate, or >4.5 hours, (3) inpatient onset of AIS, (4) patients transferred in, (5) patients treated with experimental rtPA, (6) discharge status missing, not documented, or discharge against medical advice, and transfer out, and (7) patients who underwent catheter-based treatment, we identified 2 groups of patients: AIS patients with a recent MI who were treated with rtPA and AIS patients with no history of MI who were treated with rtPA. A recent MI was identified using International Classification of Diseases, Ninth Revision-Clinical Modification (ICD-9-CM) primary diagnosis codes (Table S1 ) of MI within 3 months before the index admission for AIS. A recent MI was classified according to the type of MI (ST-segment-elevation myocardial infarction [STEMI] versus non-ST-segment-elevation myocardial infarction [NSTEMI]). No history of MI was defined as those without medical history of MI within the past year before AIS. Furthermore, to assess whether the safety profiles of rtPA is different according to the timeframe from the previous MI to the index AIS, a recent MI was further categorized into the subgroups of within 1 to 14, 15 to 30, and 31 to 90 days, and history of MI within 91 to 180 days and within 181 to 365 days before AIS were also identified.
Clinical Perspective
What Is New?
• This nationwide registry demonstrated that, among older patients receiving intravenous recombinant tissue-type plasminogen activator for acute ischemic stroke (AIS), a recent history of myocardial infarction (MI) in the past 3 months was associated with higher in-hospital mortality compared with no history of MI in ischemic stroke patients treated with recombinant tissue-type plasminogen activator. • The association became insignificant, if the timeframe from the onset of MI to the indexed AIS was >3 months or the type of MI was confined to non-ST-segment-elevation myocardial infarction.
What Are the Clinical Implications?
• Given the increased risk of mortality, recombinant tissuetype plasminogen activator should be carefully used for treating AIS patients with a recent history of MI especially in the situations where the timeframe from the onset of MI to the indexed AIS was within 3 months or the type of MI was ST-segment-elevation myocardial infarction. • Further investigations are necessary to determine whether the benefit of recombinant tissue-type plasminogen activator outweighs its risk among AIS patients with a recent history of MI.
To evaluate potential treatment selection and whether it was rtPA treatment or MI that influence outcomes, we identified a separate cohort of AIS patients who were otherwise eligible but not treated with rtPA. Patients were considered eligible if they arrived within 3.5 hours from symptom onset (potentially eligible for the 0-4.5 hour treatment window) without any documented reasons for no rtPA use except for a recent MI ( Figure 1 ).
Outcome Measures
The primary outcome was in-hospital mortality. Other outcomes included discharge disposition (home versus other), inhospital mortality or discharge to hospice, ambulatory status at discharge (able to ambulate independently versus not), and modified Rankin Scale at discharge (range of 0 [no symptoms] to 6 [death], with 0-2 as functional independence) and complications related to rtPA, including symptomatic intracranial hemorrhage within 36 hours, life-threatening or serious systemic hemorrhage within 36 hours, any serious complications, hemopericardium and/or cardiac tamponade. Except for hemopericardium and cardiac tamponade which were identified through ICD-9 secondary diagnosis codes, all other outcomes were reported in the GWTG-Stroke registry (Table S1 ).
Statistical Analysis
We calculated the medians with 25th and 75th percentiles for continuous variables and counts and percentages for categorical variables in each group. Absolute standardized difference were used to compare the baseline differences in the following cohorts: AIS patients treated with rtPA who have versus do not have a history of recent MI; and AIS patients with recent MI treated with rtPA versus otherwise eligible but not treated with rtPA. An absolute standardized difference >10 indicates significant imbalance between groups. Multivariable logistic regression models were performed to assess the association between a recent MI with each clinical outcome. These analyses adjusted for baseline demographic and clinical variables before the index ischemic stroke event including demographics, enrollment year, medical history, arrival and admission information, National Institutes of Health Stroke Scale score, medications at admission, vital signs and laboratory data, and hospital characteristics. The full list of covariates is described in Table S2 . Generalized estimation equations modeling approach was used to account for within-hospital clustering of patients. Subgroup analysis by MI (STEMI versus NSTEMI) was performed. In addition to recent MI within 3 months, the association between a history of MI and clinical outcomes were assessed according to the different timeframes before the indexed AIS (1-14, 15-30, 31-90, 91-180, and 181-365 days).
Although it is still controversial about whether dual antiplatelet therapy is associated with increased risks of intracerebral hemorrhage and subsequent mortality when rtPA is administered, 12, 13 we performed a sensitivity analysis in patients who enrolled after October 2012 to account for the impact of dual antiplatelet therapy on bleeding complications, because the detailed information about antiplatelet therapy before admission were added in the data collection form afterwards. In a sensitivity analysis, the model included the number of antiplatelet agent (no antiplatelet agent versus single antiplatelet therapy versus dual antiplatelet therapy) instead of "antiplatelet therapy" along with the same variables as those in the main model. As an exploratory analysis, among patients with a diagnosis of AIS who did not receive rtPA, we compared in-hospital clinical outcomes of those who had recent MI versus those had no history of MI. This analysis was adjusted for the same covariates as for the main analysis.
All statistical analyses were performed by the Duke Clinical Research Institute using SAS software version 9.4 (SAS Institute, Inc., Cary, NC). All P-values are 2-sided, and P<0.05 was considered statistically significant and 95% CI was reported.
Results
After the exclusion criteria was applied, a total of 40 396 patients presenting with AIS who were treated with rtPA at any of 1522 GWTG-Stroke hospitals (mean age [standard deviation] 81.0 [8.1] years; 58.0% women) ( Figure 1 ). Of these, 241 had a recent MI within 3 months before AIS, of which 19.5% were STEMI, and 39 727 had no history of MI within 1 year to AIS. The distribution of a history of MI by the type of MI and the timeframe from the onset of MI to AIS is shown in Table S3 . Patients with a recent MI were more likely to have atrial fibrillation, dyslipidemia, diabetes mellitus, and heart failure than those without, and the severity of AIS at admission, as measured by National Institutes of Health Stroke Scale, was greater in patients with a recent MI than those without (median 13 [interquartile range: 7-20] versus median 11 [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] ) (Table 1) .
Among AIS patients with a recent MI who arrived within the 3.5 hour time window, 130 were otherwise eligible but did not receive rtPA. When compared with those treated with rtPA, patients not receiving rtPA were more likely to arrive later, be on oral anticoagulants before AIS, have less severe AIS, and be treated in less experienced institutes for rtPA use (Table S4 ).
History of Recent MI and Outcome Measures
The unadjusted rates of in-hospital mortality and any serious rtPA-related complications were 17.4% and 13.5% for those with a recent MI, and 9.0% and 9.4% for those without, respectively. Hemopericardium was observed in 1 (0.4%) patient with recent MI. After risk adjustment, recent MI was associated with a significant increased risk of mortality (adjusted odds ratio [OR] 1.60, 95% CI [1.10-2.33], P=0.014). While numerically higher, there were no statistically significant differences in any serious rtPA-related complications (adjusted OR 1.28, 95% CI [0.88-1.86], P=0.193) ( Table 2 ). To account for the potential association of dual antiplatelet therapy with bleeding complications, sensitivity analyses in patients who admitted after October 2012 (N=22 947) were performed and were consistent with the main findings (Table S5 ).
Subgroup Analysis by the Type of MI
Regardless of the type of MI, the unadjusted rates of inhospital mortality and any serious rtPA-related complications were numerically higher in patients with a recent MI than those without. After risk adjustment, recent STEMI was associated with higher risk of in-hospital mortality and rtPA complications, whereas the difference was not statistically significant in those with recent NSTEMI (Table 3 ).
Association Between the Timing of a History of MI and Outcome Measures
There was a time-dependent relationship between the timing of a history of MI and the increased risk of adverse clinical outcomes. After the adjustment, patients with a history of MI within 3 months had adjusted ORs of >1 for in-hospital mortality (no history of MI as a reference), whereas those with a history of MI beyond 3 months had adjusted ORs of <1, although none of them reached statistical significance ( Figure 2 ). Other end points demonstrated the similar findings; the risks of adverse events increased, as the timeframe from the onset of MI to the indexed AIS got shorter, especially <3 months.
History of Recent MI and Outcome Among Those With a Diagnosis of AIS Who Did Not Receive rtPA
Among 484 394 AIS patients who did not receive rtPA, 3359 (0.7%) had a history of recent MI within 3 months (Figure 1 ). After risk adjustment, recent MI was associated with a significant increased risk of in-hospital mortality and poor outcomes in terms of death or discharge to hospice, discharge home, ambulatory status, and modified Rankin Scale (Table 4 ).
Discussion
To our knowledge, this study is the first report from a large observational registry evaluating the association between a history of recent MI and clinical outcome in patients treated with rtPA for AIS. Of >40 000 AIS patients treated with rtPA, 0.6% of patients had a history of recent MI within 3 months before AIS. Recent MI within 3 months was associated with the increased odds of mortality and functional disability compared with no history of MI. However, the association became insignificant, if the timeframe from the onset of MI to the indexed AIS was >3 months. In addition, those with recent MI who were not treated with rtPA also had an increased risk of worse outcome in a similar magnitude than those without MI and not treated with rtPA. Furthermore, the increased risk of mortality in a history of recent MI compared with no history of MI was more prominent in patients with STEMI than those with NSTEMI. The guideline recommendations for rtPA in AIS patients with a history of recent MI have evolved over time. A recent MI within 3 months was listed in a relative contraindication in the 2013 AHA/ASA guideline, while it is considered as reasonable or maybe reasonable with Class IIa or Class IIb recommendation in the 2018 AHA/ASA guideline. 2,3 This inconsistency is mainly because of a lack of evidence beyond case reports or case series. [5] [6] [7] While the total number of cases is relatively small, our report is the first of its kind from large observational registry including a total of 241 patients treated with rtPA who had a history of recent MI. Our study indicated that a history of recent MI within 3 months was associated with increased risk of mortality and functional disability, and its prognostic impact might vary according to the type and timing of the recent MI. Given the similar magnitude of the adjusted odds ratio in those who did not receive rtPA to those who received rtPA, the association between a recent history of MI and worse outcomes was consistent regardless of rtPA use, suggesting the higher risk of worse outcome may be mainly driven by MI itself. That being said, our analysis was not designed to evaluate the efficacy or clinical effectiveness of the treatment. Functional outcome such as modified Rankin Scale at 90 days are not available in the registry.
Beyond bleeding complications, the main concerns about giving rtPA to patients with a history of recent MI are (1) the potential for thrombolysis-induced myocardial hemorrhage predisposing to myocardial wall rupture, (2) post-myocardial infarction pericarditis that may become hemopericardium, and (3) possible ventricular thrombi that could embolize because of thrombolysis. 1 Thrombolytic agents activate plasminogen to plasmin, which stimulate the breakdown of collagen, increasing the risk of hemorrhagic complications such as cardiac rupture. 14 Since rtPA for treating AIS became commercially available in the United States in 2006, there have been at least 3 published reports describing 5 elderly women with recent MI developing hemopericardium after receiving stroke thrombolytic therapy. [5] [6] [7] While it was likely underreported because of use of ICD-9 diagnosis, we only observed 1 case of hemopericardium and/or cardiac tamponade in patients with recent MI who were treated with rtPA. The widespread use of percutaneous revascularization for patients with STEMI has reduced the incidence of cardiac rupture 15 and ventricular thrombi, 16 but it is well-known that STEMI, especially with left anterior myocardium involvement, is an important factor related to these complications, [17] [18] [19] resulting in the downgraded recommendation of rtPA for patients with recent left anterior myocardium-involved STEMI (Class IIb). The favorable recommendation (Class IIa) for patients with a recent history of NSTEMI is based on the idea that they may be at lower risk of rtPA-related complications than those with STEMI, but there were no solid data to estimate risks or guide treatment in this subset of patients. In our analysis, the rates of mortality and rtPArelated complications in patients with a history of recent NSTEMI were not significantly higher than that in patients without a history of MI, suggesting that the current Class IIa recommendation of giving rtPA in this specific population may be reasonable.
There is no prior study evaluating whether 3 months interval after the onset of MI is an appropriate time window to give rtPA safely for treating AIS. Our study demonstrated that a history of MI in the past 3 months was associated with increased odds of in-hospital death, but the mortality in patients experienced MI during the time window between 3 months and 1 year before AIS was not different from that in patients with no history of MI within the past year. This finding may provide evidence for the current time interval of 3 months. From the pathological aspect, in general, fibrosis and scarring process is completed around 8 weeks after the onset of MI, which also provides the rationale for the timeframe of 3 months. 20 The higher mortality in patients with recent MI may not be related to bleeding risk, despite their higher usage of dual antiplatelet therapy. In our main analysis, the rates of rtPArelated complications, including intracranial and life-threatening hemorrhage, were not statistically significant different between those with recent MI and those with no history of MI. Further adjustment for antiplatelet therapy only slightly attenuated the mortality association and the rtPA-related complications remained non-significant (Table S5 ). In addition, even among AIS patients who did not receive rtPA, recent MI showed the similar magnitude of adjusted OR for mortality (Table 4 ), suggesting the excess risk of worse outcomes might be driven by recent MI itself rather than rtPA treatment. One potential mechanism could be the different etiology of AIS. In patients with a diagnosis of acute MI treated with PCI, the incidence of left ventricular thrombus was up to 15% in the first 3 months after the onset of acute MI, resulting in thromboembolism. 20 Another explanation could be that recent MI causes reduced systolic function owing to cardiac remodeling, resulting in increased risks of heart failure and death. 21, 22 In addition, stroke is known to affect cardiac function 23 ; therefore, patients with recent MI are prone to cardiac decompensation, which may increase a risk of death.
Limitations
This study has several limitations. First, despite the use of the largest stroke registry in the United States, statistical power might be insufficient in patients receiving rtPA for AIS with a history of recent MI. In other words, it may be hard to evaluate the true risks of in-hospital mortality and rtPA-related complications, given the small sample size. Second, although we used a large number of characteristics to adjust for potential confounding, residual and/or unmeasured confounding may exist. Third, the data are obtained from hospitals participating in the GWTG-Stroke program and may not be able to be extrapolated to patients treated in hospitals outside the registry. However, given the fact that the registry covers about three-fourths of the United States population, the study population of this investigation is potentially representative of AIS patients in the United States. Fourth, we stratified patients according to the type of a recent MI, but the size of infarcted area was not available for risk adjustment. Fifth, rtPA was used only for highly selected subset in patients with a recent MI, which may have skewed the results. Patients treated with rtPA were more likely to have more severe AIS than those who were otherwise eligible but not treated with rtPA (Table S4) 
Conclusions
Among older patients receiving rtPA for AIS, a recent history of MI in the past 3 months was associated with higher inhospital mortality compared with no history of MI in ischemic stroke patients treated with rtPA and the association was more prominent in patients with STEMI than those with NSTEMI. Such an association was not significant, if the timeframe from the onset of MI to the indexed AIS was >3 months. Despite the increasing risk, further studies are needed to evaluate the benefit of rtPA, the only approved medical therapy, in AIS patients with recent MI.
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